Abstract-The effects of 3-phenyl-5-(2-piperidinoethyl)-isoxazole citrate (31245) on blood glucose level and adrenaline release from the adrenal gland were studied in rats. Elevation of blood glucose was detected in intact and hypophysectomized rats, but not in adrenalectomized or adrenal-demedullated rats after s.c. injection of 31245. Increase of adrenaline release from the left adrenal after administration of 31245 was detected under pentobarbital anesthesia.
Many antipyretic analgesics in large doses cause hyperglycemia, mainly due the release of adrenaline through activation of central sympathetic centers (1) . There is no evidence, however, for the hypersecretion of adrenaline after administration of these compounds.
3-Phenyl-5-(2-piperidinoethyl)-isoxazole citrate (31245), synthesized in our laboratory , is an isoxazole derivative; these compounds possess powerful analgesic, antipyretic , anti inflammatory, and antitussive properties (2) . Potency of analgesic-anti-inflammatory activity of 31245 in rats is about 1.5 times that of aminopyrine, and large doses of this com pound caused hyperglycemia. The present paper describes action mechanisms of 31245 on hyperglycemia, and elucidates relationships between its hyperglycemic action and ad renaline release.
MATERIALS AND METHODS

Experiments for blood glucose
Experiments were carried out with Wistar male rats weighing 120 to 150 g . Bilateral adrenalectomy was performed by a lumbar approach. Drinking water was replaced by 0.9 % saline and the animals were used 4 days later. Adrenal-demedullation was performed as follows: the adrenals were exposed through a lumbar approach , the adrenal cortex was in cised and the medulla extruded by gentle sqeezing of the gland with forceps. The animals were T. YOSHIZAKI ET AL. treated with penicillin and given food and tap-water ad libitum until used for experiment after about 30 days. Hypophysectomy was performed by the method of Tanaka (3) and the animals were used the following day. The animals were sacrificed by exsanguination.
Blood glucose was determined by Technicon Auto Analyzer.
Experiments for adrenaline release
Male rats of Sprague-Dawley strain (purchased from Nippon Clea) weighing 400 to 600 g were used. Details of the method used were given in previous papers (4, 5) . Adrenal venous blood was generally collected for 15 min under pentobarbital anesthesia or with ether inhalation, and adrenaline contents in the blood specimen were determined fluoro metrically (4).
Chemicals
The drugs used were 31245 (synthesized in our laboratory), phenylbutazone (synthesized in our laboratory), aminopyrine (Toyoseiyakukasei), histamine dihydrochloride (Yoneyama Yakuhinkogyo), and bradykinin triacetate (Peptide Center, the Institute for Protein Research, Osaka University).
Statistical analysis
The significance of the difference between the means of the response was evaluated by Student's t-test.
RESULTS
Blood glucose
Change of blood glucose level after s.c. injection of 400 mg/kg of 31245 is illustrated in Fig. 1 . Blood glucose level reached a maximum 30 min after administration of this compound, maintained a plateau level until 2 hr after and then gradually returned to the normal level. Elevation of blood glucose 2 hr after 31245 injection was dose-responsive from 25 mg/kg to 400 mg/kg, similar results were observed in hypophysectomized rats.
However, no elevation of blood glucose after injection of 31245 was detected in adrenalec tomized or adrenal-demedullated rats (Table 1) .
Adrenaline release from adrenal gland Table 2 shows the results of studies on adrenaline release from rat adrenal under anes Table 3 . Fifteen ten-sec periods of rectangular pulses (1 msec duration, 5V and 20 c/sec) at 10 sec intervals were applied to the left dissected splanchnic nerve 5 min after a conditioning tetanus (3 periods of the same pulses as test tetanus) under pentobarbital anesthesia. A control sample of adrenal-venous blood was collected for 10 min after the onset of the stimulation, then drugs were injected i.v. Five min after drug administration, the same electrical stimulation was applied again and a test specimen of adrenal-venous blood was collected in addition to a control sample and adrenaline contents in the both samples were compared. 31245 prevented about 35 % of adrenaline release, but phenylbu tazone and aminopyrine did not. Table 4 shows the effect of drugs on adrenaline secretion in response to histamine and bradykinin. Test drugs were injected i.v. 5 min before i.v.
injection of these secretagogus under pentobarbital anesthesia. None of the drugs at 5.0 mg/kg antagonized histamine and bradykinin.
DISCUSSION
In these experiments, elevation of blood glucose level after administration of 31245 was observed in intact rats but not in adrenalectomized rats. These findings suggest that the adrenal glands play a principal role of the enhancement of blood glucose after injection of 31245. Adrenaline and corticosterone are adrenal medullary and cortical hormones respectively, playing a part in the carbohydrate metabolism of rats. Elevation of blood glucose after administration of this compound was detected in hypophysectomized rats but not in adrenal -demedullated rats. It is therefore concluded that increase of adrenaline output from the adrenal glands is a prime factor in the blood glucose elevating action of Histamine causes hypersecretion of adrenaline and this action is antagonized by antihista minics, but not by C6 (6) . Bradykinin also causes increase of adrenaline output and its action is not antagonized by phenylbutazone, a blocker of bradykinin bronchoconstriction (7) . In the present experiments, 31245 did not antagonize the effects of histamine or brady kinin nor those of aminopyrine and phenylbutazone, though it prevented adrenal response to stimulation of the splanchnic nerve, in this point 31245 differs from aminopyrine and phenylbutazone. These effects are similar to those of C6, though ganglion blocking action by 31245, unlike C6, was not detected in cat nictitating membrane. These results suggest that 31245 specifically blocks the adrenal response without depressing the sympathetic ganglia. In conclusion, hyperglycemia induced by 31245 is due to hypersecretion of ad renaline from the adrenal glands through excitation of the splanchnic nerves, though the adrenal response is partly blocked by this compound.
